Abstract. This paper reports new evidence for the existence of plasmoids with force-free flux rope magnetic topologies. Motivated by the fact that force-free magnetic flux ropes have intense axial fields at their centers, the ISEE 3 observations have been searched for plasma sheet intervals in which the magnetic field intensity exceeds that in the lobes by >10% for a minute or longer. A total of 39 "high field regions" were found which met this simple criterion. Further examination showed that they nearly always correspond to the core regions of plasmoids; i.e, intervals of bipolar Bz with durations of minutes, fast tailward flows and clear substorm associations. A new, more realistic plasmoid magnetic field model which represents the core region as a non-linear force-free flux rope was developed and validated using these events. Finally, observations suggesting that plasmoids evolve toward quasi-force-free flux rope configurations as they move down the tail are presented.
Outstanding questions involving plasmoids concern their magnetic structure, the nature of their internal plasmas, and their temporal evolution following release. Early studies (Sibeck et al., 1984; Slavin et al., 1989 ) noted that plasmoids do not generally exhibit a minimum in field intensity at their centers as would be expected if they resembled the O-type neutral lines. Rather, a strong "core" field is often present. These intense core fields are important because they are characteristic of "forcefree" (i.e., JxB=0) flux ropes; a special type of helical magnetic field structure. The determination that all or most plasmoids have flux rope magnetic topologies would be an important result Copyright 1995 by the American Geophysical Union.
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0094-8534/95/95GL-01977503.00 because of its implications for the magnetic connectivity of plasmoids to the rest of the tail and the evolution of their internal plasma populations.
High Field Regions in the Plasma Sheet
Due to the high [• nature of the plasma sheet, the field strength in this region is generally only a fraction of the lobe field (e.g., Slavin et al., 1985) . As the plasma sheet must, on average, be in pressure balance with the tail lobes, any increase in the plasma sheet magnetic field pressure must be compensated by a local decrease in plasma sheet plasma pressure. However, if the plasma sheet magnetic field exceeds that of the lobes, then this pressure balance requirement can no longer be satisfied. Hence, such regions of very high field strength must be at least partially self-balancing. The observation of fields whose intensity exceeds that of the lobes can, therefore, be used as a diagnostic for self-balancing structures in the plasma sheet. The most plausible way for these intense plasma sheet fields to be selfbalancing is for them to be associated with force-free flux ropes.
For this purpose, intervals of quiet lobe field in the ISEE 3 observations have been used to determine baselines corresponding to the peak lobe field intensities. Given the temporal variations in the external solar wind pressure and tail flaring, a margin of 10% has been added to ensure that a given plasma sheet interval exceeds the lobe field strength. Thus, in identifying high field events in the plasma sheet we have required that B>I.IBL for at least 1 min, a minimum duration of most plasmoids.
As the interval between minima in total field intensity before and after the HFR peak are similar at -10 min. This is about 3 times the duration of the high field core region. Note that the high core field is associated with peaks in both Bx and By. This is important because, as we will show, enhancements of both Bx and By are expected to be observed by a spacecraft making an off-axis The complete model, therefore, has 3 free parameters: 1) the ratio of the radius of the force-free region, ao, to the half-height of the plasmoid, a, 2) the ratio of the maximum core magnetic field, Be, to the lobe field intensity, BL,, and 3) the shape parameter • which is required to fall in the range 1<• <a/ao.
In Figure 4 the model magnetic fields for 3 passes parallel to the x axis at z=0.05a, 0.25a, and 0.45a are displayed. In these models ao/a=l/2, B•/BL=l.45 and •=1.5. The upper panel shows Bx and By while the lower panel displays Bz and IBI. As expected, the amplitude of the Bz variation and the peak in IBI are observed to be greatest along the trajectory which passes closest to the center of the plasmoid, z=0.05a. By decreases outward from the center of the plasmoid with increasing x and z distance. Bx also decreases with increasing x distance, but it is weakest for the passes with the smallest closest approach distance (z =0.05a) and largest for the more distant traversals. It is clear that for a typical off-axis pass, Bx and By will peak at closest approach as is typical for our high field events (cf. Figure 1) . 
Sununary
Extending earlier searches for flux ropes in the tail, we have surveyed the ISEE 3 data set to identify plasma sheet intervals where the field intensity is clearly larger than in the lobes. A total of 39 "high field region" events were identified. In most of these events the peak in IBI was embedded in broader norththen-south Bz perturbations and they were associated with high speed anti-sunward plasma flows and substorms. On this basis we have concluded that HFR events correspond to encounters with the core regions of plasmoids with flux rope topologies.
A new model of plasmoid magnetic fields has also been developed. In contrast with other models, we have assumed that Compared to the 165 plasmoids with +Bz found in the ISEE 3 data set by Moldwin and Hughes (1992) , the fraction of all plasmoids which meet our high field criteria is modest. However, since the spacecraft must pass near the center of a plasmold to observe strong core fields, it is not clear whether only 39 HFRs were detected because of the low probability of passing close to the center of a plasmoid or because only a modest fraction of all plasmoids possess force-free flux rope topologies and intense core fields.
Finally, 29 of the 39 events were observed at X < -200 Re. This is approximately twice the number expected if the probability of observing these events were simply proportional to the amount of time spent in the plasma sheet. Hence, there is a suggestion that the plasmoids may evolve toward quasi-force free flux rope topologies as they travel down the tail.
